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An improved high-voltage, single-shot circuit- 
protector device, having fuse-like characteristics, 
and having a chemical operating mechanism, is 
provided to protect, at low-cost, transmission-line 
circuits. Preferably, the device contemplates the 
use of a single-pressure puffer-interrupter having 
a driving piston attached to the movable contact 
structure and operated by a chemical operator 
having an explosive element. Also, preferably, 
the aforesaid device is self-contained and self- 
operable, utilizing, preferably, a current- 
transformer, which triggers a self-contained static 
control circuit, the latter effecting the "firing" of 
the explosive element of the chemical operator to 
thereby generate gas pressure very quickly, and 
thus effect an opening operation of the contact- 
operating piston and the attached movable 
contact structure. For repetitive use, a manual 
reset lever is preferably provided which is 
capable of manual hook-stick operation. The 
chemical operator element is replaceable, being 
also capable of manual hook-stick replacement 
by service personnel. 
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(54) High-voltage "single-shot" 
circuit-protecting device with 
fuse-like characteristics and hav- 
ing a chemical operating mechan- 



(57) A high-voltage, single-shot 
circuit-protector device, having fuse- 
like characteristics, and having a chem- 



ical operating mechanism, to protect 
transmission-line circuits. The device 
uses a single-pressure puffer- 
interrupter 5 having a driving piston 24 
attached to the movable contact struc- 
ture and operated by a chemical 
operator 27 having an explosive ele- 
ment. The device utilizes a current- 
transformer, which triggers static con- 
trol circuit to actuate the firing of an 
explosive element of the chemical 
operator to effect opening operation of 
the contact-operating piston 24 which is 
connected to the movable contact and 
the gas pressure generating means 
such as a cylinder 10 containing SF a . 
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SPECIFICATION 

High-vottage 'single-shot' circuit protecting device 
with fuse-like characteristics 

5 

This invention relates to a single-shot circuit pro- 
tector device, 

This invention is particularly related to a puffer- 
type, compressed-gas circuit-interrupter of the 

10 single-gas-pressure-level type, being self-contained 
and supported up in the air by a utility pole. Pres- 
ently, power circuit-breakers are used at transmis- 
sion voltages to project and minimize damage to 
electrical apparatus used to transmit electrical 

1 5 energy. However, power circuit-breakers are rela- 
tively expensive and require some installation time, 
and must be periodically maintained to provide an 
effective protective function. 
As distribution-voltage protective schemes are 

20 extended upwardly to high voltages, such as sub- 
transmission and transmission voltages, for the pur- 
pose of reducing production system costs, and pro- 
. viding simpler apparatus to reduce maintenance, a 
need has arisen for a transmission-voltage protec- 

25 tive device, which provides a "fuse-like" "single- 
shot" protective function at a product cost much less 
than conventional power circuit-breakers. 

According to the present invention, a single-shot 
circuit protector device having fuse-like charac- 

30 teristics capable of being supported, as a self- 
contained independent unit, at a high voltage 
mounted up on a utility pole, comprises an insulat- 
ing gas-sealed casing having separable circuit con- 
tacts disposed therewithin, one of which is movable, 

35 gas-pressure generating means disposed within said 
casing and associated with said separable circuit 
contacts and actuated by the opening movement of 
said movable contact to extinguish an established 
arc, operating means to effect the opening and clos- 

40 ing movements of said movable contact including a 
movable driving piston reciprocally operable within 
an operating cylinder and mechanically intercon- 
nected with the said movable contact a chemical 
operator element functioning to generate gas pres- 

45 sure on one side of said movable driving piston 
whereby to effect opening movement of the separ- 
able contacts and also to actuate said gas-pressure 
generating means for arc-extinguishing purposes, 
and a current-responsive sensitive device respon- 

50 sive to the magnitude of the controlled circuit pas- 
sing through the circuit-protector for actuating said 
chemical operator whereby to effect opening mov- 
ement of the movable contact. 
Conveniently, hook-stick pole operation is poss- 

55 ible, enabling thereby the ready replacement of the 
explosive chemical operator, and also manually 
effecting, by hook-stick operation, the manual 
reclosure of the separable contacts. 
A static control circuit is provided, as a self- 

60 contained unit, in adjunct with the self-contained 
circuit-protector, being energized, preferably, by a 
current-transformer surrounding one of the line- 
terminals, for example and responsive to the line 
current 

65 For quickly effecting the extinction of the arc, a 



"puffer" device, embodying an operating cylinder 
sliding over a stationary piston structure and thereby 
compressing gas, such as sulfur-hexafiuoride (SF 6 ) 
gas, for example, is provided, enabling a rapid extin- 

70 ction of the established arc within a nozzle for direct- 
ing the generated gas flow. 

Reclosing may be effected by a manual crank- 
device operable by hook-stick operation, for exam- 
ple. Also, the chemical operator, which provides, or 

75 explosively generates gas pressure to effect opera- 
tion of the driving piston, may also be replaceable, 
as a separate replaceable cartridge unit, also, prefer- 
ably, by manual hook-stick operation. 
The invention will now be described, by way of 

80 operation, with reference to the accompanying dra- 
wings in which: 

Fig. 1 is a somewhat diagrammatic perspective 
view of the self-contained protector-device being 
shown supported at the upper end of an upstanding 

85 utility pole, being self-contained and self-sufficient in 
its fuse-like operation; 

Fig. 2 is a vertical sectional view taken longitudi- 
nally through the single-shot, puffer-type circuit- 
protector device of Fig. 1 , with the contacts being 

90 shown at an intermediate point in the opening oper- 
ation; 

Fig. 3 is a somewhat enlarged view of the separ- 
able contact structure and the associated piston- 
and-cylinder gas-generating device utilized in the 
95 sulfur-hexafiuoride puffer unit of Fig. 1 , again the 
arching condition being illustrated. 

Fig. 4 is an enlarged sectional view taken through 
the cartridge-like explosive element; and. 
Fig. 5 is a somewhat diagrammatic view of the static 

1 00 control circuit for the ignition, or "firing" of the 

explosive element of the chemical operator for sud- 
den gas generation. 

Figs. 1-3 illustrated a puffer-type, compressed-gas 
circuit-interrupter 1 having an insulating casing 

1 05 structure 2, which is provided at one end 2a thereof, 
with a metallic closure cap 3 having a rod-like line- 
terminal connection 4 fixedly secured thereto. The 
inner extremity of the line-terminal connection 4 
forms the rod-like stationary contact 6 of the device. 

1 1 6 Cooperable with the stationary contact 6 is a mov- 
able contact structure 8, more clearly illustrated in 
Fig. 3, and having affixed thereto, and movable 
therewith, an operating cylinder 10 and a main mov- 
able auxiliary finger-like contact structure 1 1 surrou- 

115 nding the movable rod contact 8. An operating rod 
12, having a spider-support 13 to the movable opera- 
ting cylinder 10, effects the leftward closing and the 
rightward opening movements of the movable con- 
tact structure 8 and operating cylinder 1 0 over a 

1 20 relatively-stationary piston structure 1 5, the latter 
being supported fixedly in place by a stationary 
metallic support-pedestal 16 having a supporting 
flange 17 disposed at its right-hand extremity, as 
shown more clearly in Fig. 3. 

1 25 The supporting flange 17 of the stationary piston 
15 is affixed, as by mounting bolts 19, to the right- 
hand metallic closure plate 20 of the protector-unit 1 , 
and extends through the right-hand metallic closure 
plate 22, being affixed externally of the interrupting 

130 unit 1 to an operating driving piston 24, reciprocally 
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operable within a surrounding stationary operating 
cylinder 25. 

The puffer interrupter 5 is connected to the 
operator drive-piston 24 by a connecting shaft 12, 

5 which passes through a shaft seal 1 1, that separates 
the SF e gas chamber 14 from the operator cylinder 
chamber 18. The operating shaft 12 extends through 
the operating piston 24 to a lever 33, which, as men- 
tioned, provides manual reclosing of the puffer- 

1 0 interrupter 5 after an opening operation. 

A chemical operator 27 of the generally cartridge 
type, the details of which are set forth in Figs. 2 and 
4, is removably positioned toward the left-hand end 
of the operating cylinder 25, and is capable of 

1 5 replacement by a hook-stick operation, an eyelet 30 
being provided at the lower end of the chemical 
operator 27, as illustrated in Fig. 4. 

The chemical operator 27 Is "fired" by the ignition 
of a primer 31 constituting a part of the cartridge-like 

20 chemical operator 27, and also illustrated more clea- 
rly in Fig. 4 of the drawings. 

A current-transformer "CT" encircles the right- 
hand rod-like line-terminal L 2 and generates power 
to a storage capacitor d, as more clearly illustrated 

25 in Fig. 5, by a rectification circuit 35, converting the 
alternating current output of the current-transformer 
"CT" to a direct current, which is fed to a time- 
voltage shaping network 38, typically shown by the 
circuit components of R 1r R 2 and d. This voltage, 

30 stored within the storage capacitance d, is switched 
by a trigger diode 41 (such as a SCR or avalanche 
diode) to electrically heat a firing wire 40 embedded 
in the chemical propel I ant 44. 
The arrangement of the shaping network 38 and 

35 the control switch 41 can be varied to obtain the 
desired time-current operating characteristics for the 
single-shot circuit-protector device 1. 

Fig. 4 illustrates in more detail an electrical circuit 
which may be utilized to initiate electrical firing of 

40 the primer 31 associated with the shotgun-shell type 
of propel lant cartridge 27. The driving power-piston 
24 is actuated toward the right, in a circuit-opening 
direction, as viewed in Fig. 2, by the propellant 
charge cartridge 27. This propellant cartridge 27, 

45 which is useable in a replaceable manner, is a so- 
called "shotgun" gas generator. 

In accordance with one aspect of this invention, 
the chemical operator 27 is a gas generator of the 
"shotgun" type, comprising a barrel 46 and a 

50 receiver, or chamber 47. Within the cartridge casing 
48 there is a propellant charge 44 of solid expulsive 
material, a charge 49 of igniter material and a primer 
31 . The igniter material insures fast and efficient 
combustion of the main propellant charge 44. Depe- 

55 nding upon the particular application, it may not be 
required. The propellant charge 44 of a combustible 
material comprises a flammable material, which, 
upon ignition, burns and generates gas at high pres- 
sure to drive the piston 24 from the closed-circuit 

60 position, illustrated in Fig. 2, to the open-circuit posi- 
tion, as illustrated in Fig. 3. An example of the prop- 
ellant charge 44 is a double-base smokeless gunpo- 
wder, although it is by no means limited to this. The 
expulsive gas may develop a pressure of from about 

65 3,000 to 1 0,000 p.s.L or higher, within the operating 



cylinder 25 for driving the movable piston 24 right- 
wardly in the circuit-breaker opening direction. 

The igniter charge 49 is preferably separated at a 
position 52 from the propellant charge 44, and is a 

70 solid charge which produces a ready flame for ignit- 
ing the propellant charge 44. The igniter charge 49 is 
an easily ignited material, such as black powder, a 
mixture of amorphous boron powder and potassium 
nitrate, or other suitable compound. 

75 The primer 31 is electrically sensitive to a low-level 
signal or electrical pulse suppled by the ignition line 
53, which leads from the trigger diode 41 (Fig. 5) for 
detecting an overcurrent, or fault condition in the 
controlled circuit L,-U passing through the separable 

80 contacts 6, 8. Primers 31 may be purchased from the 
Olin Company, Winchester-Western Division, 
located at New Haven, Connecticut and at East Alton, 
Illinois, U.S.A. According to their specification sheet, 
primer time is, for example, 0.300 milliseconds max- 

85 imum. The primer 31 is preferably composed of an 
electrically-sensitive flammable mixture, such as 
lead styphnate and acetylene black, which ignites, 
when activated by an electrical charge, to produce a 
small flame to ignite the igniter charge 49, which, in 

90 turn, produces a flame for igniting the propellant 
charge 44. 

In summary, when the electrical pulse triggers the 
firing circuit of the primer 31 , the primer 31 is actu- 
ated promptly to ignite the igniter charge 49, which, 
95 in turn, ignites the main propellant charge 44. The 
gas generated by the propellant charge drives the 
driving piston 24 through its opening power stroke, 
that is carrying the movable contact 8 toward the 
right, as viewed in Figs. 2 and 3. 

1 00 Advantageously, the firing pin 60 is biased con- 
stantly against the primer 31 of the cartridge 27 and 
the tripping occurs electrically, as indicated in Fig. 5. 
Thus, in order to trip the circuit-breaker 1 open, and 
to ignite the primer 31 , an electrical circuit 63 (Fig. 5) 

105 is completed through the firing pin 60, primer 31 of 
the cartridge 27, which is then inserted in the firing 
chamber 46 and thence to the other side 65 of the 
control circuit 63. 
Ppth the chemical operator 27 and the manual 

110 reset lever 33 are provided with hookeyes 30, 32 f or 
manual hook-stick operation from ground, or from a 
truck bucket maintenance device (not shown). 

From the foregoing description, it will be apparent 
that there has been provided a simple, single- 

115 pressure, puffer-interrupter 5 in combination with an 
operating mechanism 24 powered by a gas- 
producing chemical operator 27, which is fired by a 
self-contained static control circuit 38, all of these 
component elements being mounted, as shown, at 

1 20 high-voltage potential at the upper end of a line util- 
ity pole 16. 

The result of the invention is an improved arrang- 
ement to provide a self-contained device 1 complet- 
ely installed at the high-voltage potential, which 

125 provides an economical fuse-like protection charac- 
teristic for transmission-voltage levels. The insulat- 
ing porcelain container 2 may, preferably, contain 
sulfur-hexafluoride (SF«) gas 50, fpr example, at a 
pressure of say, for example, 3 to 4 atmospheres, 

130 which medium surrounds the puffer interrupter ele- 
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mentB. 
CLAIMS 

1 . A single-shot circuit-protector device having 
fuse-like characteristics capable of being supported, 

5 as a self-contained independent unit, at high voltage 
mounted up on a utility pole, comprising an insulat- 
ing gas-sealed casing having separable circuit con- 
tacts disposed therewithin, one of which is movable, 
gas-pressure generating means disposed within said 

10 casing and associated with said separable circuit 
contacts and actuated by the opening movement of 
said movable contact to extinguish an established 
arc, operating means to effect the opening and clos- 
ing movements of said movable contact including a 

15 movable driving piston reciprocally operable within 
an operating cylinder and mechanically intercon- 
nected with the said movable contact, a chemical 
operator element functioning to generate gas pres- 
sure on one side of said movable driving piston 

20 whereby to effect opening movement of the separ- 
able contacts and also to actuate said gas-pressure 
generating means for arc-extinguishing purposes, 
and a current-responsive sensitive device respon- 
sive to the magnitude of the controlled circuit pas- 

25 sing through the circuit-protector for actuating said 
chemical operator whereby to effect opening mov- 
ement of the movable contact 

2. A device as claimed in claim 1 , wherein a 
manual reset level is mechanically linked to the mov- 

30 able driving piston to manually effect the closing of 
the separable contacts. 

3. A device as claimed in claim 2, wherein the 
chemical operator is a cartridge-like device which 
may be replaced by hook-stick servicing procedures. 

35 4. A device as claimed in any one of claims 1 to 3, 
wherein a static control circuit is provided to effect 
ignition and firing of the chemical operator being 
energized by said current-responsive device. 
5. A device as claimed in claim 4, wherein a 

40 rectifying circuit is provided in conjunction with a 
current transformer to effect charging of a storage 
capacitance, and a trigger diode is provided to electr- 
ically fire the chemical operator when triggered by 
excessive current in the controlled circuit. 

45 6. A device as claimed in any one of claims 1 to 5, 
in which the operating mechanism constitutes an 
extension of the insulating casing and disposed sub- 
stantially on the same axis thereof, the separable 
contacts being disposed within said cylindrical 

50 insulating casing, one of which is a movable contact, 
an operating rod extending through one end of the 
insulating casing and being affixed to the movable 
contact at one end and a driving piston at the other 
end thereof, with the driving piston reciprocally ope? 

55 rable within said extended cylindrical operating cyli- 
nder, said movable contact carrying an operating 
cylinder and a hollow insulating nozzle through 
which the established arc is drawn, a stationary pis- 
ton structure supported by one closure end of said 

60 insulating cylindrical casing and having said mov- 
able operating puffer-cylinder slidable thereover, 
said operating rod having an extension protruding 
through one end of said cylindrical operating cylin- 
' der, a bell-crank-type of manual reset lever pivotal ly 

65 connected to said extension of the operating rod and 



capable of hook-stick operation, an explosive car- 
tridge removably disposed within a side wall of said 
cylindrical operating cylinder and capable of replac- 
ement by hook-stick operation, a current- 

70 transformer disposed adjacent said manual reset 
lever and sensitive to the magnitude of the current 
passing through the controlled circuit, a static con- 
trol element energized by the current-transformer 
and functioning so as to ignite the explosive material 

75 within said explosive cartridge, and means support- 
ing said self-contained protector unit at an adequate 
distance and height from ground potential. 

7. A device as claimed in claim 6, wherein a 
damping port conduit is disposed adjacent one end 

80 of the cylindrical operating cylinder on the opposite 
side from the explosive cartridge. 

8. A device as claimed in claim 6 or 7, wherein an 
extension of the stationary contact rod constitutes a 
first line-terminal connection, and a rod-like exten- 

85 sion protrudes from the manual reset lever housing 
in the opposite direction and constitutes a second 
line-terminal. 

9. A device as claimed in claim 8, wherein the 
static control circuit comprises a storage capacitor 

90 (Ci) and a resistance network (R t , R 2 ) together with a 
rectifier connected to the current transformer to 
effect thereby a storage of energy within the storage 
capacitor (d), and 0 trigger diode in series circuit - 
with the primer and both such elements being in 

95 parallel with the storage capacitor (Ci) so that upon 
triggering by the trigger diode, due to excessive cur- 
rent, the primer will be ignited and thereby explode 
the explosive material within the explosive cartridge 
generating gas pressure and effecting opening 
100 operation of the puffer-type interrupter. 

10. A single-shot circuit-protector device, con- "•" 
structed and adapted for use substantially as 
hereinbefore described and illustrated with refer- 
ence to the accompanying drawings. 
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